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TO ALL WHOM IT MAY CONCERN: 

Be it known that we, Jeffery W. Segars, residing at 13 Forest Hill Drive, 
S.W., Cartersville, Georgia 30120, and William N. Vaughan, residing at 230 
Old Tennessee Highway, White, Georgia 30184, each a citizen of the United 
States of America, have invented certain new and useful improvements in a: 

BOW AND SKEW CONTROL SYSTEM AND METHOD 



of which the following is a specification. 
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BOW AND SKEW CONTROL SYSTEM AND METHOD 




le present invention relates in general to a system and a method 



FIELD OF THE INVENTION 



adapted to control bow or skew within a web of material to be processed. More 
particularly, the invention relates to a system and a method used to control any 
bow and/or skew that may be present within a backing material passed toward 
the needle bar of a tufting machine. 



As known, during the manufacture of carpet or other tufted work 
products, a primary backing material is supplied from a storage roll and 
continuously fed in a warp, Le., a longitudinal or lengthwise, direction through a 
tufting machine. The tufting machine is provided with a reciprocating needle 
bar having a series of spaced tufting needles disposed thereon. The tufting 
needles are each threaded with the yarn to be tufted in the backing material, 
the needles being passed together through the backing material by the 
reciprocating motion of the needle bar as the backing material is moved or 
carried past the needle bar during machine operation to form tufts in the *1ace" 
of the backing material. 

The backing material may comprise a woven, a non-woven, a knitted, or 
a needle punched fabric, as well a stitch bonded primary backing material. The 
backing material therefore comprises a plurality of yarns, fibers, or filaments 
extending both longitudinally in the warp direction and perpendicularly in a weft 
direction across the width of the backing material. As one skilled in the art 
appreciates, materials such as polypropylene, as well as polyesters, hemp, 
composites, blend, nylons, or cottons, can be used to form the backing 
material. 

A problem that exists In the art, however, is that the backing material 
made within Industry tolerances is often distorted, with the result that oftentimes 
the weft lines within the backing material will not be aligned with the needle bar 
of the tufting machine as the backing material is advanced toward the needle 
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bar. Four specific alignment problems result from the backing material being 
misaligned with the needle bar of the tufting machine. These problems being a 
"bow," or a "skew" in the weft-oriented tufts tufted In the backing material, or the 
tufted yarns being "hooked," and/or extending along a wiggled weft line. 

Bow exists within a tufted product when the weft yarns, fibers, or 
filaments in the backing material are not linear or straight , e.g., there is a 
curvature in the weft yarns relative to the needle bar. Skew, in comparison, 
exists when the weft yarns are not parallel to the needle bar, for example the 
weft yarns may extend along a straight line, but the line otherwise forms an 
angle relative to the needle bar. Hook exists when the weft yarns are oriented 
in a curved, or extend along a non-parallel, line or lines relative to the needle 
bar along at least a portion of their length, and appears at the edge(s) of the 
backing material. Wiggle exists when the weft yarns change from any 
combination of a positive to a negative angle relative to the needle bar in a 
specific section of the backing material. 

Accordingly, when the problems of bow and/or skew occur within the 
tufts formed in the backing material, the tufted yarns are not parallel to at least 
a portion of the length of the weft line in the backing material. Thus, when 
attempting to join two adjacent carpet sections together along their respective 
weft lines, for example in a large space such as a public concourse or a 
ballroom, a noticeable difference can be seen in the tufted and/or printed carpet 
patterns from section to section of the carpet, which results in an undesirable or 
unsightly appearance in the installed carpet. 

Examples of known devices and systems which attempt to address the 
problems of bow and skew in tufted products are found in U.S. Patent No. 
4,255.050 to Beckstein et aL, U.S. Patent No. 4,261 .498 to Short, U.S. Patent 
No. 4,364,502 to Fentress, and U.S. Patent No. 5,035,030 to Pellari, Additional 
patents which may be relevant to this problem are U.S. Patent No. 4.656,360 to 
Maddox et ai, U.S. Patent No. 4,987.663 to Epp/e, and U.S. Patent No. 
5,416,593 to Vercruysse. 

What is needed, therefore, but seemingly unavailable among the known 
devices, is an improved system and a method for controlling, i.e., for reducing 
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or eliminating to the greatest extent possible, the bow and skew of a backing 
material fed through a tufting machine. 

SUMMARY OF THE INVENTION 

The present invention overcomes some of the design deficiencies of the 
known art by providing an improved system and a method for controlling the 
presence of any bow and/or skew within a backing material to be fed through a 
tufting machine. This is accomplished by providing such a system and method 
in association for use with a conventional tufting machine having a 
reciprocating needle bar disposed with respect to a tufting zone through which 
the backing material is fed, a cloth feed roll positioned upstream of the tufting 
zone for moving the backing material toward the tufting zone, and a roll of 
backing material from which the backing material is supplied. The backing 
material may be of woven or of non-woven construction, and will be comprised 
of a plurality of elongate warp yarns, fibers, or filaments extending longitudinally 
in the lengthwise direction of the backing material, and a plurality of weft yarns, 
fibers, or filaments extending substantially perpendicular to the warp yarns and 
in the cross-length direction of the backing material. The terms yarn, fiber, and 
filament are used interchangeably herein, and refer to the aforementioned warp 
and weft yarns, fibers, or filaments within a woven or a non-woven backing 
material, respectively. 

In a first embodiment, the method of the invention includes aligning at 
least one elongate weft yarn marker disposed on the backing material with the 
needle bar so that the at least one weft yarn marker is parallel to the needle 
bar. The at least one weft yarn marker is disposed on or within the backing 
such that it is parallel to the weft yarns of the backing material. This method 
may also include the aspect of detecting whether the at least one weft yarn 
marker is parallel to the needle bar as the backing material is passed toward 
the tufting zone. 

The method may also include detecting a plurality of closely spaced and 
substantially parallel weft yarn markers formed as a group of weft yarn markers 
on the backing material, and of detecting a series of weft yarn marker groups 
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spaced in the lengthwise direction of the backing material. In an alternate 
embodiment, the method comprises detecting the at least one weft yarn marker 
as the backing material is being passed toward the tufting zone, and aligning 
the at least one weft yarn marker with the needle bar so that the at least one 
5 weft yarn marker is parallel to the needle bar. This may be done with an 
automated detection device, or by manually observing the at least one weft 
yarn marker with respect to the needle bar of the tufting machine. 

Yet another embodiment of the method therefore comprises physically 
observing, i.e., manually or visually detecting, the at least one weft yarn marker 
10 with respect to the needle bar as the backing material is passed toward the 
tufting zone, and aligning, either automatically or manually, the at least one 
weft yarn marker with the needle bar so that the at least one weft yarn marker 



□ is substantially parallel to the needle bar. 



The method further comprises positioning a bow roll intermediate the roll 

C3 15 of backing material and the cloth feed roll and used to selectively increase and 
''5 decrease the tension of at least a portion of the backing material; and 

e alternately, to increase and decrease the tension of a central portion of the 

?y backing material in response to the detection of the at least one weft yarn not 

H being substantially parallel to the needle bar in order to control any bow that 

-f=5 20 may be present in the weft yarns of the backing material with respect thereto. 



The method also comprises mounting the roll of backing material on at 
least one jack assembly, or on a pair of spaced jack assemblies positioned at 
the ends of the roll of backing material, each such jack assembly being 
constructed and arranged to independently and selectively raise and lower the 

25 respective ends of the roll of backing material for increasing and decreasing the 
tension of at least a portion of the backing material, preferably the two spaced 
and separate portions thereof extending along the respective separate side 
edge portions of the roll of backing material, in response to the detection of the 
at least one weft yarn not being parallel to the needle bar, and for controlling 

30 any skew that may be present in the weft yarns of the backing material. 

The system of the invention, adapted for use with a tufting machine as 
described above. Includes in a first embodiment at least one weft yarn marker 



Atty. 




et No. 191 33.001 6U2 



disposed on the backing material, the at least one weft yarn marker being 
parallel to the weft yarns of the backing material; at least one detection device 
positioned with respect to the needle bar and being constructed and arranged 
to detect the at least one weft yarn marker as the backing material Is being 
5 passed toward the tufting zone; a bow roll positioned intermediate the roll of 
backing material and the cloth feed roll; and a controller operably coupled to 
the at least one detection device and the bow roll. This embodiment of the 
system may also comprise at least one jack assembly, or a pair of jack 
assemblies, as described and operated above, each such jack assembly being 
1 0 operably coupled to and controlled by the system controller. Each of the bow 
roll and the at least one jack assembly includes an actuator constructed and 
arranged to move the bow roll against the backing material, or to lift an end, or 
the ends, of the backing material supply, respectively, as desired. 
l^j The at least one detection device is preferably positioned downstream of 

□ 15 the cloth feed roller, and parallel to the needle bar of the tufting machine. The 

at least one detection device may comprise a plurality of detectors, for example 
three such detectors, spaced from and aligned with one another in the weft 
fy direction of the backing material, and each of which is positioned parallel to the 

^'^ needle bar. The detector(s) will preferably be selected from among the group 

p 20 of detectors comprising optical, laser, magnetic, electronic, infra-red, and 

'-'^ ultrasonic detectors, with the at least one weft yarn marker being selected from 

among of the markers within the group of markers comprising optical, laser 
readable, magnetic, electronic, infra-red, and ultrasonic markers. 

The at least one weft yarn marker of the system preferably comprises a 
25 series of parallel weft yarn markers spaced from one another in the lengthwise 
or warp direction of the backing material, and each of which is parallel to the 
weft yarns of the backing material. In another embodiment, the at least one 
weft yarn marker comprises a plurality of closely spaced and parallel weft yarn 
markers disposed on the backing material and formed as a group of weft yarn 
30 markers, each of the weft yarn markers within the group being spaced from one 
another in the lengthwise direction of the backing material and being parallel to 
the weft yarns thereof. In a further aspect, therefore, there is a series of 
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spaced groups of weft yarn markers extending in the lengthwise direction of the 
bacl<ing material. The weft yarn markers within each group of weft yarn 
markers are disposed parallel to the weft yarns of the backing material. 

In each of the system embodiments, the controller is constructed and 
5 arranged to selectively instruct a first actuator operably coupled to the bow roll 
to move the bow roll against the backing material, and will also selectively 
instruct at least one second actuator operably coupled to each jack assembly to 
raise and lower at least one end of the roll of backing material, respectively, for 
increasing and/or deceasing the tension of the backing material passed toward 
10 the tufting zone in response to the detection of the at least one weft yarn 

marker not being substantially parallel to the needle bar. The controller may be 
automated, or manually operated, as desired. 
C3 The present invention is therefore particularly advantageous when 

positioning or laying sections of tufted carpet immediately adjacent each other 
O 15 as the carpet pattern alignment across the carpet seams should not be 

discernible due to the improved alignment of the weft yarns or filaments, such 
" that the carpet will not exhibit bowing, skewing, hooking, or other distortions of 

fy the pattern that would create a visible pattern misalignment, 

f"^ It is also contemplated using the present invention to properly align and 

□ 20 tuft multiple primary backings simultaneously with a single tufting machine. In 

one embodiment, one tufting machine will tuft two primary backings in a side- 
by-side arrangement. Two separate systems of the present invention, one for 
each primary backing, may therefore be provided and each of which operates 
independently of the another. Alternately, therefore, the present invention 
25 allows for the alignment of a primary backing, a lower primary backing, or both 
of an upper and a lower primary backing, independently of each other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is schematic illustration of a tufting machine supplied with a 
30 backing material from a roll of backing material. 

Fig. 2 is an elevational view of the roll of backing material supported on 
a pair of jack assemblies. 
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Fig. 3 is a schematic illustration of the detection and control system of 
the invention. 

Fig. 4A is a partial plan view of a first embodiment of the weft yarn 
markers of the invention. 
5 Fig. 4B is a partial plan view of a second embodiment of the weft yarn 

markers of the invention. 

Fig. 5 is a schematic illustration of a second tufting machine supplied 
with a backing material from a roll of backing material. 

Fig. 6 is a schematic illustration of a third tufting machine supplied with a 
10 backing material from a roll of backing material. 

Fig. 7 is a schematic illustration of a fourth tufting machine provided with 
a pair of bow rolls and supplied with a backing material from a roll of backing 
material. 

Fig. 8 is a schematic illustration of an alternate embodiment of the tufting 
15 machine of Fig. 7. 

DETAILED DESCRIPTION 

Referring now in detail to the drawings, in which like reference 
characters indicate like parts throughout the several views, a tufting machine 5 
20 is schematically illustrated in Fig. 1 . The tufting machine is provided with an 
elongate needle bar 7 having a spaced series of elongate tufting needles (not 
illustrated) extending therefrom and toward a tufting zone 8 defined by the 
machine. A continuous web of a backing material 9 is passed through the 
tufting zone. As known, the backing material may comprise a woven or a non- 
25 woven material, for example a knitted or needle punched fabric, or a stitch 
bonded backing material, as desired. 

As known, a woven backing material is formed of a plurality of warp 
yarns, fibers, or filaments extending in the longitudinal or lengthwise direction of 
the backing material, and weft yarns, fibers, or filaments extending in the lateral 
* 30 direction, Le., the weft direction or width, of the backing material, with the weft 
yarns formed to be perpendicular to the warp yarns. In contrast, a non-woven 
backing material is formed of a plurality of fibers, for example polypropylene 
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fibers, which fibers may also extend in the warp and weft directions. As one 
skilled in the art appreciates, materials such as polypropylene, polyesters, 
hemp, composites, blend, nylons, or cottons, can also be used to form the 
backing material. As used to herein, the term yarn" refers interchangeably to 
5 either a yarn, a fiber, or a filament. 

The respective needles on the needle bar are each threaded with a 
desired tufting yarn (not illustrated), and the needle bar is driven in 
reciprocating fashion for passing the tufting needles and the yarns into and 
back out of the backing material to form tufts of yarn in the face of the backing 
1 0 material, for example to tuft a carpet. It is understood, however, by those 
skilled in the art many different types of articles of manufacture can be 
1=. produced on a tufting machine, and the invention herein is intended for use with 

C3 the production of any type of a tufted article of manufacture, or with any type of 

vj tufting operation. 

£3 15 Still referring to Fig. 1 , the backing material 9 is supplied to the tufting 

fe^p machine from a roll of backing material 1 1 , which roll is positioned over an 

: elongate shaft 12 supported at its ends by a pair of spaced jack assemblies 13 

ry (Figs. 1 , 2). The backing material is extended from the roll of backing material 
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over a first roll 15, and then partially about a second roll 1 6, which may, for 
C3 20 example, comprise a pin roll. The backing material is then passed at least 

partially over a bow roll 17, provided as a part of the invention, and from there 
over a tension bar or roll 19, and is then received on a first cloth feed roll 20, 
typically a pin roll. The backing material then extends through the tufting zone 
8 and is passed over another roll 21 , about a portion of a second cloth feed roll 
25 23 positioned downstream of the tufting zone, and then over another roll 24, 
whereupon the now tufted backing material is passed downstream for further 
processing or handling. 

With the exception of the jack assemblies 13 and the bow roll 17 hereof, 
the construction and function of which are described in greater detail below, the 
30 tufting machine 5 is otherwise conventional such that the rolls 1 5, 1 9, 21 , and 
24 are formed as elongate rolls or bars, and can be either idle rolls/bars or 
powered/drive rolls, as desired. Similarly, the roll 16 may be an elongate 
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stationary bar over which the backing material is passed, or may, for example, 
comprise an elongate pin roll of known construction and use. The tension bar 
1 9 is typically an elongate bar, although it may comprise a roll if desired. Also, 
and as known to those familiar with tufting machines, each of the rolls 15, 16, 
19, 20, 21 , 23, and 24 are elongate rolls or bars extending in the lengthwise 
direction of the tufting machine, and over which the backing materials is at least 
partially passed. The tufting machine is also provided with a drive assembly 
(not illustrated) for reciprocating the needle bar 7, as well as with a drive 
assembly (not illustrated) for rotating at least the cloth feed rolls 20 and 23. 
Moreover, although not illustrated, but known to those skilled in the art, the 
needle bar may be shifted laterally with respect to the longitudinal length of the 
backing material during the tufting process, if so desired. 

The bow roll 17 may comprise an elongate bar extending laterally across 
the width of the backing material, with the ends of the bar supported or carried 
on the frame (not illustrated) of the tufting machine. The bar version of the bow 
roll will be fixed at its ends, i.e., it does not rotate about its longitudinal axis, and 
is sized and shaped in its physical dimensions, material selection, and 
construction such that it may be flexed laterally with respect to its length, as 
described in greater detail below. 

Alternately, the bow roll may be formed as an elongate roller constructed 
and arranged to rotate about its longitudinal axis, the spaced ends of the roller 
being rotatably supported on the frame of the tufting machine. In still another 
construction, the bow roll may be formed as a series of discrete rollers which 
together form the bow roller, and each of which is rotatably supported on and 
extends along a common axis or shaft. An elongate and continuous covering 
extending over all of the bow roll sections may be provided if so desired. So 
constructed the elongate bow roller, or the sectional bow roller, both of which 
comprise alternate embodiments of the bow roll, may be bowed by moving the 
ends of the roller shaft toward one another for flexing the bow roll, as desired. 
It is also anticipated that one or both of the ends of the bow roll shaft or bar 
could be twisted to impart a bow to the bow roll. 
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The bow roll is positioned downstream of the roll of backing supply 
backing material 1 1 , and upstream of the cloth feed roll 20. Positioned mid 
span of the bow roll is an actuator 26 which is engaged with a central portion of 
the bow roll. So constructed, the actuator, in response to commands from the 
5 detection and control system 36 (Fig. 3), is adapted to move, i.e., flex, the 

center portion of the bow roll against the backing material in order to selectively 
increase and decrease, respectively, the tension of the backing material 
passed thereover. By selectively bowing or flexing the bow roll against the 
backing material, and more particularly against a central portion 27 (Fig. 2) 
10 thereof, the bow roll will increase or decrease the tension in the central portion 
for controlling, /.e., for minimizing or eliminating, any bow that may be present 
in the backing material with respect to the needle bar of the tufting machine, as 
C3 described in greater detail, below. 

As known to those of skill in the art, when a "bow" exists within a tufted 
O 15 product, the center portion of the weft yarns, 45 (Figs. 6A, 6B) are bowed or 

arched with respect to the needle bar. Bow thus occurs in the central portion of 
the backing materials/tufted product. This being the case, when tufts are 
ry formed within the bowed backing material, subsequent processing will tend to 

f": straighten the backing material thus causing the tufted pattern to become 

C3 20 distorted and no longer appear parallel to the needle bar or the weft lines of the 

backing material. When joining two sections of carpet together along their 
respective warp direction lines or seams, therefore, discernible differences, in 
the patterns may be seen which results in an undesirable appearance in the 
installed carpet. 

25 The actuator 26 comprises a known type of actuator, and preferably 

comprises a linear actuator. The actuator will be mounted or otherwise 
supported at its first end on the frame (not illustrated) of the tufting machine, 
and its opposite or second end will be engaged with the center-most portion of 
the bow roll. The actuator 26 may also comprise a hydraulic cylinder, a screw 
30 actuator, or a rack and pinion device, all as desired. What is important is not 
the construction of the actuator itself, rather the fact that the actuator is 
provided to selectively flex the bow roll. It is anticipated that the bow roll can be 



lies' 

JBSSL 



cket No. 191 33.001 6U2 



11 



flexed as much as one and one half inches from dead center in either direction 
toward, i.e., into, and away from the backing material such that the actuator will 
move or flex the center portion of the bow roll through a range of approximately 
three inches. 

Referring now to Figs. 1 and 2, and as best shown in Fig. 2, the jack 
assemblies 13 positioned at the ends of and supporting the shaft 12 carrying 
the roll of backing material are illustrated in greater detail. Each of the jack 
assemblies is comprised of a elongate frame or a rack 29 on which a carrier 30 
is supported for movement in the lengthwise direction of the frame. The 
respective carriers are each constructed and arranged to carry or support the 
ends of shaft 12. An elongate slot or track 31 is defined within the frame, and a 
portion of the carrier is extended therethrough and engaged with an actuator 33 
constructed and arranged to move the respective carriers upwardly and 
downwardly within their respective tracks 31 . Each of the actuators 33 is 
selectively and independently controlled by the detection and control system 36 
illustrated in Fig. 3, and comprise conventional actuators. Accordingly, each of 
the actuators 33 is a known type of actuator, and each preferably comprises a 
linear actuator. The actuators 33 may thus comprise a hydraulic cylinder, a 
screw actuator, or a rack and pinion device, as desired. 

The shaft 12 passed through the roll of backing material 1 1 is received 
on the respective carriers. It is not anticipated that the shaft 1 2 will rotate on 
the carriers, rather the roll of backing material will rotate about the shaft on the 
core (not illustrated) or tube about which the roll of backing material is wrapped 
during manufacture of the backing material. This will allow for the easy change 
out of rolls of backing material when the first roll gets exhausted and a second 
roll is required, and follows the currently accepted practice in carpet mills. 
However, it is anticipated that replaceable carrier assemblies (not illustrated) 
may be provided and used, in which the ends of the shaft 12 are held in 
suitable bearings, for example journal or roller bearings, and the shaft affixed to 
the roll 1 1 so that the shaft and the roll rotate together. As illustrated in Figs. 1 
and 2, however, it is anticipated that the roll of backing material will rotate on 
the shaft, the shaft remaining in a non-rotational position 
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By moving the respective ones of tlie jack assemblies 1 3 upwardly or 
downwardly, respectively, the tension within the respective edge portions 34 
(Fig. 2) of the backing material can be increased and decreased, respectively. 
For example, it is anticipated that if the shaft 12 is raised at one end, that a 
5 greater amount of tension will be put on the edge portion 34 of the backing 
material along the edge of the backing material extending from that end of the 
roll of backing material, particularly if the backing material is passed under a roll 
16 as illustrated in Fig. 1 . Similarly, if the end of the shaft 12 is lowered, the 
amount of tension in the edge portion 34 will be decreased. By selectively 
10 increasing and decreasing the tension in the edge portions of the backing 

material, the skew, i.e., the angular misalignment of the weft yarns with respect 
to the needle bar, can be controlled. 
;3 The detection and control system 36 for use with the invention is 

"^j illustrated in Fig. 3. The system comprises at least one detector 37 positioned 

15 with respect to, i.e., parallel to, the needle bar 7. Preferably a plurality of 

%u 

%§ detectors 37 are provided, for example three, and which are positioned 

longitudinally along a common axis and are positioned parallel to the needle 
fU bar of the tufting machine. It is preferred that the detectors 37 be positioned 

y downstream of the cloth feed to read or scan the weft yarn markers after the 

C3 20 backing material has been passed over the cloth feed roll in order to ensure 

that the weft yarns will be aligned parallel to the needle bar before passing over 
the cloth feed roll, and will otherwise remain parallel to the needle bar as the 
backing material passes through the tufting zone. The detectors are of known 
construction, and may comprise one, or a combination of, an optical, a laser, a 
25 magnetic, an electronic, an infra-red, and/or an ultrasonic detector, dependent 
on the type of material used to form the weft yarn markers present on or within 
the backing material. 

Each of the detectors 37 is operably coupled to a controller 38, for 
example a computer or a microprocessor of known construction and operation. 
30 The controller is constructed and arranged to receive the electronic detection 
signals emitted by the detectors, and compare this data to a database of stored 
positional values therein. If the controller determines that a bow is present 
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within the weft yarn markers 42, 42* (Fig. 4A, 4B) of the backing material, the 
controller will send a command to the actuator 26 to move the bow roll 17 into 
or out of the backing material 9 (Fig. 1) as needed to increase or decrease, 
respectively, the tension within the central portion 27 (Fig. 2) of the backing 
material. This will be done to minimize, if not eliminate entirely, any bow that 
may be present in the backing material prior to the tufting of the yarns within 
the backing material. 

Where, for example, skew is detected in the backing material with 
respect to the needle bar by the detectors, the controller 38 will issue a 
command to either one or both of the actuators 33 of the respective jack 
assemblies 13. The respective actuators 33 will then either independently raise 
and/or lower the respective carrier 30 provided as a part of the jack assembly, 
to increase or decrease, respectively, the tension within the edge portions 34 
(Fig. 2) of the backing material as it is passed toward the tufting zone 8 (Fig, 1). 

The controller 38 of the detection and control system 36 is shown, 
through a broken line, as being operably coupled, i.e., in communication with, a 
controller 40 of the tufting machine. It is anticipated that the controller 38 can 
be networked with the controller 40 of the tufting machine, or can be formed as 
a part of the tufting machine controller, if, and as desired. Where, for example, 
the bow and skew control system of this invention is retrofit to a tufting 
machine, the controller 38 may be provided separately of the tufting machine 
controller and will be otherwise networked to or communicate with the tufting 
machine controller. It is also anticipated, however, that the tufting machine 
controller could be expanded by the addition of the appropriate input-output 
cards and control logic/program, and then used to operate the described bow 
and skew system. Where, for example, the bow and skew control system 
described herein is incorporated into the tufting machine during its 
manufacture, it is conceivable that the tufting machine controller and the 
detection and control system controller will be a common controller, i.e., 
computer or microprocessor. 

The controller 38, or its equivalent, as described above, is provided with 
a suitable control program and with a database of stored positional values, 
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such that it can determine from the signals received from the respective 
detectors 37, the detectors scanning the respective spaced weft yarn markers 
42 (Fig. 4A), and 42' (Fig. 4B), whether the center portion 27 of the backing 
material is bowed with respect to the needle bar, or whether the edge portions 
5 34 are skewed with respect to the needle bar. As described above, the 
controller 38 will then send command signals to either the actuator 26 for 
flexing the bow roll 19, and/or to either one or both of the actuators 33 for 
raising or lowering the jack assemblies 13, respectively, to increase or 
decrease the tension within the backing material passed toward the tufting 
10 zone of the tufting machine. 

It is anticipated that the controller 38 will operate each of the actuators 
33 independently such that one can be raised and one can be simultaneously 
lowered, that one can be raised or lowered and the other left stationary, or that 



H both can be raised or lowered together or in differing degree for controlling any 

.^Q 15 skew detected within the backing material. Moreover, and if for example it is 

%B intended to induce a deliberate bow or skew in the article being tufted, it is 

anticipated that the controller 38 can be programmed to induce a bow in the 
backing material by controlling the actuator 26 to flex the bow roll 17, and/or by 
y moving the actuators 33 of the jack assemblies 13, for moving the weft yarns of 

P 20 the backing material away from being parallel with the needle bar, as desired. 

Referring now to Figs, 4A and 4B, two exemplary embodiments of the 
weft yarn markers 42, 42\ for use with the backing material 9 are illustrated. 
As known, and as described above, the backing material 9 has a plurality of 
spaced and parallel elongate warp yarns 44 extending in its longitudinal 
25 direction. The backing material is also provided with a plurality of spaced weft 
yarns 45, each of which extends in the lateral or width direction of the backing 
material. The weft yarns are each formed to be parallel to one another, and 
perpendicular to the warp yarns 44. At least one weft yarn marker 42 is formed 
or marked on the backing material, and is capable of being detected by the 
30 detector(s) 37 of the detection and control system. The weft yarn marker 42 
may be an elongate continuous yarn or filament as shown in Fig. 4A, or may 
comprise a series of spaced markings or other indicia 42', as shown in Fig. 4B. 
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The weft yarn markers of the system comprise, at a minimum, a series 
of single and parallel weft yarn markers 42, 42' spaced from one another in the 
lengthwise or warp direction of the backing material, each such weft yarn 
marker being parallel to the weft yarns of the backing material. Alternately, and 
5 as illustrated in Figs. 4A and B, a plurality of the weft yarn markers, for example 
three weft yarn markers, are closely spaced from, and positioned parallel to 
one another such that they are formed into a group 47, AT of weft yarn 
markers. As for the single weft yarn markers, each weft yarn marker within the 
group of markers extends parallel to the weft yarns of the backing material, 
10 There will be a series of such weft yarn marker groups spaced from one 

another in the lengthwise direction of the backing material, and parallel to the 
Q weft yarns of the backing material, as shown. 

%^ In an illustrative embodiment, these groups of weft yarn markers will be 

spaced approximately every three feet apart along the length of the primary 
15 backing material, although one skilled in the art will appreciate that other 

spacing arrangements are possible. The ultimate spacing of the groups of weft 
yarn markers chosen will, however, be a function of the speed of the backing 
material moving toward and through the tufting machine, the processing speed 

W of the controller 38, the ability of the detectors 37 to detect the weft yarn 

£3 

1^ 20 markers, the accuracy of the control system or the person manually controlling 

the bow and skew control system, and other similar considerations. 

As shown in Figs. 4A and 4B, the weft yarn markers may comprise one 
or more distinct weft yarns, fibers, filaments or lines that are formed into or 
printed on the backing material 9 at one specific section of the backing. For 

25 example, in one embodiment, the weft yarn markers 42, 42' on the backing 
material 9 may be formed of a different color from the warp and weft yarns 
therein. It is anticipated that for any of the weft yarn markers used may be 
added by the manufacturer of the primary backing, or may be placed thereon 
by the manufacturer of the articles being tufted. Alternate embodiments of the 

30 weft yarn markers 42, 42', provided as visual indicators include not only colored 
stripes, but may also include light reflective stripes which can be optically 
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detected, read by a laser, or may be magnetic stripes or markings, each of 
wliich can visually observed and/or automatically detected by the detectors 37. 

Optical detectors are known to the art, one design of which is disclosed 
in U.S. Patent No. 4,303,189, the provisions of which are fully incorporated 
herein by this reference. Where the weft yarn markers 42, 42' comprise 
magnetic yarns or indicia, the detectors 37 will be magnetic sensors used to 
sense the position of the weft yarn markers with respect to orientation of the 
needle bar Known embodiments of magnetic detectors are disclosed in U.S. 
Patent Nos. 4,261 ,498, and 4,364,502, respectively, each of which is also 
incorporated herein fully by this reference. In the alternative, the present 
invention also contemplates the use of laser, ultrasonic, and/or infrared 
detectors, which may detect weft yarn markers 42, 42' adapted for laser, 
ultrasonic, and/or infrared detection. 

Aside from the presence of the weft yarn markers 42, 42' in the backing 
material, the weft yarn markers may be formed by the absence of one or more 
of the weft yarns of the backing material. Still other embodiments of the weft 
yarn markers may be provided by forming one or more of the weft yarns of a 
different material than the remainder of the backing material, which yarns may 
or may not be readily distinguishable to the human eye, but could be monitored 
by an electronic detection device. All that is required is that the weft yarn 
marker be distinguishable to either the detection system, or otherwise visually 
detected if a person is going to visually detect the weft yarn markers and 
manually operate the control system 36. 

So constructed, the detection device, whether it be automated or the 
function performed by a person, will detect or otherwise sense or observe the 
weft yarn markers 42 to determine that they are aligned with and parallel to the 
tufting machine needle bar as the backing material is passed into the tufting 
zone. If the weft yarn markers are not parallel to the needle bar, then the 
detection and control system will, or a person can, adjust the backing material 
to correct the alignment of the weft yarn markers by causing the actuator 26 to 
increase or decrease the tension in the central portion of the backing material 
with the bow roll 17, or can cause one or both of the jack assemblies 13 to 
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raise for increasing the tension of the edge portions 34 of the backing material, 
or lower for decreasing the tension therein, for the purpose of controlling, 
namely to minimize or eliminate, any bow or skew that may be present in the 
backing material as it is passed into the tufting zone. 

In usage, therefore, and in its simplest form, the method of controlling 
the bow and skew of the backing material fed through the tufting machine is to 
align at least one elongate weft yarn marker, a series of spaced single weft 
yarn markers, or groups of weft yarn markers, disposed on the backing material 
so that the weft yarn markers are parallel to the needle bar as the backing 
material is passed into the tufting zone of the tufting machine. The control 
method also includes detecting the weft yarn markers disposed on the backing 
material as the weft yarn markers are passed toward the tufting zone, and 
aligning the weft yarn markers, no matter how many or how formed, with the 
needle bar so the weft yarns of the backing material are parallel to the needle 
bar as the backing material passes through the tufting machine. 

This may be done with the automated detection system discussed 
above, or manually. If any bow is detected in the backing material, either the 
person controlling the system, or the automated controller 38, will selectively 
instruct the actuator 26 to move the bow roll 1 7 into or out of the backing 
material for increasing or decreasing the tension therein in order to control any 
bow present in the central portion of the backing material. 

Alternate tufting machines with which the bow and skew control system 
of this invention may be used are illustrated in Figs. 5 and 6. Referring first to 
Fig. 5, a tufting machine 55 is shown in which all similariy illustrated elements 
are numbered identically. The tufting machine 55 does not have, however, the 
roll 15, the pin roll 16, nor the tension bar 19. Thus, and where for example the 
backing material is passed directly from the roll of backing material 1 1 to the 
cloth feed roll 20, the bow roll can be used as an idle roll or as a tension roll, as 
intended, for increasing and decreasing the tension of the backing material 
passed over the tufting machine, and more particulariy the central portion 
thereof. Similariy, a tufting machine 65 is shown in Fig. 6, in which the bow roll 
17 is oriented on the reverse surface of the backing material 9. Here the bow 
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roll once again acts as either an idle roll or as a tension bar or roll, and is 
selectively used to increase or decrease the tension, Le., for minimizing any 
bow that may be present within, the backing material that is passed toward the 
needle bar. 

Another tufting machine adapted for use with the bow and skew control 
system of this invention is illustrated in Fig. 7. Here a tufting machine 75 is 
shown having a first bow roll 17 and a second bow roll 17', the two bow rolls 
being spaced from one another in the direction of the backing material passed 
toward the tufting zone 8, and also being positioned intermediate the roll of 
backing material and the cloth feed roll. It is anticipated that the two bow rolls 
in this embodiment of the system will be constructed and arranged to 
separately rotate about their respective axes rather than being elongate bars. 
As shown in Fig. 7, each of the two bow rolls may be provided with an actuator 
26 of the type described above, which actuators are operably coupled to the 
controller 38 (Fig. 3) of the system so that they may be actuated together or 
separately, as desired. 

Alternately, and as schematically illustrated in Fig. 8, the two bow rolls 
17, 17' may be tied or coupled together, forming a set of bow rolls or rollers, so 
that a single actuator operably coupled to the system controller may be used to 
move the respective bow rolls against the backing material passed thereover. 
In this construction, the two rotatable bow rolls 17, 17* are mounted on a frame 
50 which will carry or move both of the bow rolls simultaneously with respect to 
the backing material. The frame itself may be moved by the actuator, as 
illustrated in Fig. 8, such that the two rollers are moved as a set toward and 
away from the needle bar for increasing and decreasing, respectively, the 
tension within the backing material passed toward the needle bar and thus 
controlling the bow within the backing material. Alternately, or additionally, 
each of the spaced ends of the frame may have a separate actuator assembly 
(not illustrated) positioned thereat and which is constructed to twist the 
respective frame ends for twisting the two rollers with respect to one another at 
either one or both of the respective ends of the set of rollers, as desired, which 
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permits the bow rollers to also be used for controlling any skew within the 
backing material. 

The bow rolls or rollers of the two bow roll embodiments of the invention 
described above may be constructed identically to the other embodiments of 
5 the bow roll described above, or may differ in their construction as desired. For 
example, the first bow roll 17 may have a concave surface, whereas the 
second bow roll 1 T may have a convex surface. Constructed in this manner, a 
much greater degree of control over any bow present in the backing materials 
is available to the system operator and producer of tufted goods. No matter 
10 how constructed, operated, or configured, however, and as illustrated in the 
g ^ several embodiment of the system described above, the bow roll, be it a bar, a 

C3 roller, or rollers, acts as either an idle roll or as a tension device used to 

|T selectively increase and decrease the tension of the backing material. 

In each of the tufting machines 55, 65, and 75, it is anticipated that the 

O 

Jg 15 roll of backing material 1 1 will rotate about the shaft 12, and that the shaft 12 

■^0 will not rotate within the carrier 30 of the respective jack assemblies. However, 

U and if so desired, it is anticipated that the roll of backing material 1 1 may be 

f^' allowed to rotate with the shaft 12, the shaft rotating on or in the carriers 30, in 

y which instance the carriers will be provided with suitable bearings, for example 

20 journal bearings or roller bearings. The weight of the roll of backing material 
will establish the tension in the backing material as it is passed over the cloth 
feed roll and into the tufting zone. 

Moreover, it is also anticipated, although not illustrated, that a braking or 
friction device may be operably coupled to the shaft 1 2 for imparting and/or 
25 controlling the amount of tension in the backing material as it is passed from 
the roll of backing material toward the tufting machine without any intermediate 
pin roll(s), idle roll(s), or a tension bar assembly, using instead only the bow 
roll(s) to accomplish these functions in a way that also allows for the control of 
any bow that may be present in the backing material. It is also anticipated that 
30 each of the tufting machines of Figs. 5-7 will have a jack assembly, or jack 

assemblies 13, which will be otherwise constructed and operated as described 
above. 
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Although several embodiments of the invention have been disclosed in 
the foregoing specification, it is understood by those skilled in the art that many 
modifications and other embodiments in the invention will come to mind to 
which the invention pertains, having the benefit of the teaching presented in the 
foregoing description and the associated drawings. It is thus understood that 
the invention is not limited to the specific embodiments disclosed hereinabove, 
and that many modifications and other embodiments are intended to be 
included within the scope of the invention. Moreover, although specific terms 
are employed herein, they are used only in a generic and descriptive sense, 
and not for the purposes of limiting the described invention, and the words "a," 
"and," or *1he" as they appear hereinabove may mean one or more, depending 
upon the context in which the words are used. 



